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Abstract 
On one hand, stronger steel materials certainly yield more slender structural elements so that a beam design is structurally governed 
by its stability. On the other hand, there is a variation in the dimensions of steel sections and their availability in the market. Those 
issues will lead to a complex procedure in obtaining the optimum steel beam designs. Actually, computers will help to overcome 
the complexity of the problems. Meanwhile, the solution is generally limited to a specific steel section and a specific unbraced 
length configuration. As a result, some trial-and-error attempts are needed several times to obtain a sufficient comparison to 
determine the optimum steel sections. To overcome this, a strategy to use the AISC-LRFD's chart-based method, which plots the 
relationships between the flexural capacities of steel sections and their unbraced lengths of lateral bracing and weights, will be 
helpful in determining the lightest steel sections in terms of their lateral bracing requirements and capacity. In other words, the 
most optimum steel sections can be obtained without a specific trial-and-error process. However, the chart-based method for steel 
beam designs is not yet popular due to the absence of a choice of steel sections commonly found in the Indonesian market. This 
paper will present how to make the design curve of those steel sections; therefore, the chart-based method for steel designs can be 
implemented. Beside that, some examples of its usage will also be introduced. Thus, if the design with a chart-based method using 
the Indonesian steel sections can be provided; then, it can be used to design steel beams more quickly and economically. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of organizing committee of The 5th International Conference of Euro Asia Civil Engineering 
Forum (EACEF-5). 
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1. Introduction 
The use of high-grade steel for a particular structure tends to produce slender structural elements so that the design 
of a steel beam is commonly governed by its stability and also by a constraint due to the limitation of steel variation 
sections available in the Indonesian market. Those would represent all the issues which should be considered in steel 
structural designs. They certainly lead to quite a complex design procedure. Nevertheless, the presence of computers 
is helpful to overcome the complexity of the problems that exist in the steel designs for beams, especially in the 
calculations. One of its limitations is when it is used to rely on the calculation procedure and the solution is generally 
restricted to one section and one lateral bracing configuration only. The trial-and- error processes in evaluating a range 
of steel sections and lateral bracing configurations with the lighter weights are needed in order to achieve an optimum 
(stronger but lighter) design. 
Using a steel beam design based on the chart, we can find the optimum steel sections easily. It uses the curve of 
the bending moment capacity versus the lateral bracing distance of a wide range data of steel sections [1]. The curve 
can provide its steel sections capacity and weights. In the manual [1], the existence of a steel section with a dotted line 
indicates that in certain conditions and lateral bracing configurations, the performance is less optimal than the other 
sections indicated by a full line. Steel sections with a full line show a greater capacity but it is lighter than the weight 
of the steel section with a dotted line. 
The existence of a graphical method using a design curve [1] would facilitate its economic steel design. However, 
the graphical method has not been widely used by structural engineers in Indonesia. This is due to the types of steel 
sections that exist in the AISC’s curve using imperial units which are rarely found in the local Indonesian market and 
usually metric units are used. So, if the design curve can be created to provide the Indonesian steel sections, it will 
certainly be widely used by those engineers since this graphical method can easily generate the optimal design of steel 
structures, thus saving the costs of construction. 
2. Steel Beams with I or H Sections 
Beams are structural elements loaded in a perpendicular direction and its behavior is dominated by its bending 
deformation. The common form of a steel beam is either the I or H section. It is the most efficient section for the 
bending moment due to the maximum stress occuring at the outermost fibers. If the beam is continuously loading until 
it is fully plastic (when the entire fiber cross-sectional section has its yielding); therefore, the nominal flexural strength 
(Mn) is equal to its plastic bending moment (Mp). The other beam will be a failure before the plastic moment occurs. 
It happens so when the compression flange elements of the I-section have buckled, both locally (flange local buckling 
or FLB) and globally. As a result, its maximum nominal flexural strength is smaller than the plastic bending moment, 
Mn <  Mp.  Local buckling in the beam can be avoided if the provisions of b / t ratio of any element fulfill the 
requirement of code [1], which is about the criteria for a compact cross-section. If the condition is met; then, the 
collapse of the bending that occurs is global, where the cross-section experiences twisting or the so-called lateral 
torsional buckling (LTB). 
Lateral torsional buckling (LTB) can be prevented by providing a bracing at the compression flange, which prevents 
a rotation and lateral displacement of the cross section. In this condition, the provision of the local stiffener plate 
(stiffener) will not be effective to help prevent the occurrence of LTB. The spacing of lateral bracing installed on the 
beam is Lb (the distance between the bracing locations). In this case, it is considered that at every point of bracing and 
the support is considered to be prevented from the lateral torsional buckling (LTB) at those points. So, the lateral 
torsional buckling occurs only along the distance Lb. LTB occurs along the beam between the points of the bracing, 
the parameter that determines the length of Lb, and the form of the bending moments that cause it. The AISC formula 
in considering LTB is based on the form of a constant moment (Cb = 1). If a gradient moment (not constant) occurs; 
then, the risk of LTB will be reduced so that the nominal moment of the beam can be improved (Cb> 1). Of course, 
the increase will not exceed the material strength (Mn d Mp). Figure 1 shows the behavior of the beam strength of the 
steel sections in general, which also indicates a curve of the nominal flexural strength of W16 x 26 steel sections that 
vary, depending on the unbraced length condition Lb (lateral bracing distance) and Cb (the form of moment along Lb). 
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Fig. 1. The influence of Lb and Cb to the Nominal Bending Moment Curve of Steel Beams [6]  
The nominal bending moment curve of the steel beam (Figure 1) shows the capacity of a single steel section across 
a wide range of lateral bracing distances (Lb) and shapes of the moment (Cb). If a curve that is the result of a variety 
of sections can be put together, it will be easy to compare the optimum steel section to be used as a beam. This principle 
underlies this study. 
3. The concept of curve designs and steel section nomenclature  
A graphical method of steel designs requires moment capacity curve from a wide range of steel sections available 
on the market. The steel design manual [1] provides a wide variety of such curves, but for USA steel sections only. 
They are rarely found in Indonesian market; therefore the manual is not helpful as a tool for steel design in Indonesia. 
Therefore, making design curves using the Indonesian steel sections will certainly help popularize the graphical 
method. The nominal bending moment curve of the beam shows the relationship between a nominal bending moment 
and its distance of lateral bracing of various sections. On the curve is the nominal moment capacity, IMn placed on 
the y-axis (vertical) and distance of lateral bracing, Lb on the x-axis (horizontal) as shown in Figure 2. 
The point of the curve indicates that the magnitude limit is independent of the nominal moment Lb conditions, as 
determined by the plastic moment of the sections (IMn = Mp), if Lb d Lp. The point Lp on the curve is shown as solid 
circles. The point of another curve showing the cross section may have been yielded at first but failed to establish its 
plastic moment if Lp < Lb d Lr. The curve is linear in that section and the point on the curve Lr is shown as open circles. 
Steel sections with the condition Lb > Lr  is not efficient because the collapse (LTB) occurs in the elastic condition, 
while it has not undergone its plastic or yielding state, IMn < Mp . The curve of Figure 4 is only for one section alone 
so that it could be compared from one section to another, which would be a similar curve of a steel section in the same 
axis. If the nominal moment of the two curves meets and intersects the sections (see Figure 3), the efficient section 
based on the nominal weight of the two sections can be done. In Figure 3, the curve which describes the line of the 
economic section is a curve with a thick continuous line, while the steel sections with a broken line curve (the curve 
of the program is given in red) is not economical. In the Case I both sections (Section A and Section B) can be chosen, 
their capacity is proportional to the weight. Therefore both section have continuous bold line. It is different with Case 
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II, which Section A is less economical than Section B; thus, the dotted line is created. The optimum design of beam, 
that meet Case II, should not select Section A.  
 
 
Fig. 2. Curve relationship of IMn versus Lb  
 
Fig. 3. Relationship IMn-Lb curve and nominal weight of steel 
profiles  
The nomenclature of the steel sections cannot simply just refer to the geometry alone, but must include the elements 
of the nominal weights; therefore, the beam designs can be evaluated effectively. For the initial step of the preparation 
of this curve is providing an appropriate nomenclature for the steel sections based on the beam heights and its weights, 
which will follow the format: B Hn – Wn. Prefix B stands for Beam, Hn is the height parameter of the group section, 
and Wn is the nominal weight parameter of the section. Initials B is used to differentiate the Indonesian steel section 
name that generally begins with the prefix WF, for example WF200×100×5.5×8 (an example of typical Indonesian 
steel sections). So, a group of steel sections with similar heights, WF350×175×7×11 (49.6 kg / m) and 
WF346×174×6×9 (41.4 kg / m) will have a nomenclature as B 350-50 and B 350-41 accordingly. Therefore, labeling 
the graphics on the curve with the new nomenclature system will generate a name which is shorter but more 
informative to facilitate a comparison among the steel sections. 
4. Strategy Formulation on Design Facility  
A special computer program using the Visual Basic 6.0 programming language [4] will be created to set up an 
accurate nominal bending moment curve chart. A flowchart for steel designs of I-section or H-section beam section 
[9] is very helpful to document and learn in detail, related to the steps of calculations, grouping the similar steps into 
a logical order of completion, systematic and efficient, including the fit with the design-code rules or regulations 
[6][7][9]. Furthermore, a computer program code will be written. A curve is generated by a graphical method of design 
and is further validated by the manual analysis [8]. In addition, the validation is also performed in comparison with 
the manual analysis to find the most optimum steel sections. The result of [8] suggests that the graphical method is 
simpler, faster, and with the same precision to the manual analysis of the non-graphical method. 
5. Graphical Method for Checking the Capacity of Steel Sections 
Although graphs and tables simplify the design process, it is equally important to understand the basic principle of 
steel structural designs and be responsible for the results [5][9]. Provisions of the curve taken at Cb = 1, which shows 
that the form of moments cause of LTB is considered constant, and also the strength reduction factor, Ib of 0.9 
according to code [2][3]. 
A strategic use of the moment curves to select the optimum steel section will be described (see Figure 4). In this 
explanation, two choices are given:  Section A (120 kg / m) and Section B (100 kg / m), both displayed in the form of 
the moment curve ((IMn) versus lateral unbraced length (Lb). The nominal moment curves of the two different kinds 
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of the sections show an intersection of curves and lines which are under the other curve because it is heavier and turns 
into a dotted line. A further review of five (5) case moments are required for the beams with lateral bracing distance. 
The Case I (see Figure 4), the coordinate position with Lb-I  - IMn-I, under the two curves, then the two sections 
can be selected, but the light is the lowest curve (Section B). Case II with coordinates Lb-II  - IMn-II, then Section B is 
the optimal section, the most lightweight but strong. Case III, the coordinate of Lb-III  - IMn-III is outside the two curves 
so that in the existing conditions no sections can be used. Nevertheless, because the value of IMn Section B in the 
IMnIII manipulation it can be done, by changing the distance of lateral bracing of the beam, if it can be changed from 
Lb-III to L’b-III (shorter) the Section B can be used. Cases with the coordinates Lb-IV  - IMn-IV only select one section. 
Condition V (Lb-V  - IMn-V) due to its position on top of all the curves, then no sufficient steel sections available, the 
capacity is determined by the material (Mp), no manipulation Lb and must use another section. 
 
Fig. 4. The Character of IMn-Lb in the Design Curve  
Based on Figure 4,  each curve, which is above the point, shows that the beam section has a capacity which exceeds 
the required moment. The curve of the steel section located on the most right one is for the beam with a greater 
unbraced length of lateral bracing. On the design, the curve on the top and right of the point (state) shows the steel 
sections which are fit for use as structural beam. If it is found to produce that colored thin red curve (or dashed line); 
then, the nominal curve with a lighter weight (solid line) is located on the right or the top of the curve with the dashed 
line. 
Next, when the calculation uses an established curve design with an Indonesian section, the beam with a specific 
lateral bracing configuration, Lb = 6 m, and moment required, Mu = 555.75 kN.m, the question is to find the most 
optimum of the local steel sections. 
Work steps (Figure 5), first a horizontal line corresponding vertical axis (required moment Mu = 555.75 kN.m) is 
made to intersect the vertical line corresponding horizontal axis (unbraced length Lb = 6 m). It becomes the first 
meeting point, and then up to the nominal moment, it intersects the curve with a solid circle (section B 500-128). This 
is the second intersection. Then, the horizontal line to the left is dragged to find the magnitude of the moment available, 
IMn = 593.14 kN.m. Due to IMn > Mu ;therefore, the section B500-128 is acceptable. It is the most optimum steel 
section of the block. 
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Fig. 5. Finding the Most Light Beam Section for a specific Mu and Lb  
The design of the beam with Cb  > 1.0, can be done in two ways, as follows: 
Strategy A 
The initial selection should take the bending moment that follows the LRFD load combinations, Mu and divided 
by Cb, namely Mu / Cb. Then, it should be compared with the nominal bending strength which is given in the curves 
of the graphic design methods. The selected section is checked and the bending moment takes less than what is 
currently provided and it does not exceed the plastic moment capacity of the cross-section available. 
1. Selecting the section by adjusting the value of the moment needed to be strong: Mu / Cb , 
2. Checking IbMn  > Mu / Cb  
3. Evaluating IbMp  > Mu 
Strategy B 
The available moment capacity of the sloping line and curved line of the curves in the design is multiplied by 
Cb, and it should not exceed the value of the horizontal line of the curve (IbMp). 
1. Selecting a section, then adjusting its value of capacity moment:  IbMn . Cb , 
2. Checking IbMn . Cb <= IbMp 
3. Evaluating IbMn . Cb > Mu 
Strategy A is more appropriate for beam designs, while Strategy B is a more precise way for checking the results of 
the design. Both strategies can be done visually so that the job will be finished faster and more easily. 
6. A Design Curve for graphical methods 
Based on the steel beam design flowchart [9], a computer program can be built to calculate the capacity moment 
of I-section steel section at a certain distance of lateral bracing. By varying the distance of the lateral bracing, the 
relationships between the nominal moment and bracing location can be obtained, so that a series of coordinate IMn - 
Lb may be collected. 
By running the computer program repeated several times, many steel sections can be processed for the design of 
the beams with a variation of bracing configurations, and to produce the coordinates of the data to construct the IMn-
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Lb's curve for every variation of the steel sections. The tables can be arranged by customizing the section names for 
their mechanical properties. 
An additional table [8] which contains the section property is not actually required in the steel designs using 
graphical methods. It was created as an additional output of a computer program created, as well as a comparison to 
check the geometry data used for creating the curve for a graphical method (see Figure 6). 
 
  
Fig. 6. Design Curve of Graphical Method with the Common Steel Section in Indonesia [8] 
7. Conclusion 
The Indonesian version of the steel section list has been successfully converted into the design curves for graphical 
methods. These curves will produce the same optimum sections as the common computer programs; therefore, they 
can be implemented easily for the designs in the engineering office. 
Due to the high risks of human error occurrence in the use of the computer programs, these design curves for 
graphical methods can be used in a parallel to validate the results of the computer program calculations, too. 
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Updating the Indonesian version of the steel section nomenclature to include the weights of the sections can be 
helpful in designing the optimum sections because the current nomenclature only provides the information about the 
sizes without including the nominal weights. 
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